South Africa's unallocated water resources have dwindled to precariously low levels. Furthermore, it is generally recognised by the authorities and specialists alike that it is likely that water demand will outstrip water supply within the next decade. Macro-economically and strategically speaking, the question therefore is how to make best use of the country's available water resources?
Introduction
Water is indispensable for life. It is also indispensable for economic activities. Water supply in South Africa, however, is limited, unevenly distributed, and negatively impacted by both changes in climate ) and the prevalence and spread of invasive alien plant species (Cullis et al., 2007 and Blignaut et al., 2007) . The recognition of the country's precarious water supply conditions has led to innovative initiatives to address it, albeit marginally, such as the water neutral scheme developed and operated by WWF-SA (Nel et al., 2009) . In this paper, however, we consider the implications for water use, and the imminent need for water rationing, in the light of macro-economic policy directives. We consider the impact on both the macro-economy and on water use of the proposed 6 presidency-led AsgiSA (Accelerated and Shared Growth Initiative for South Africa) water-intensive projects. To do so we provide background concerning South Africa's water demand and supply situation. We then discuss AsgiSA, followed by the model and the results.
Background DWAF (2004) estimates that in 2000 South Africa had a total reliable surface water supply of 13 226 x 10 6 m 3 . In the same year, the nation used 13 041 x 10 6 m 3 (including an allocation for the ecological Reserve), leaving a surplus of only 186 x 10 6 m 3 or 1.4% of the supply (at 98% assurance of supply) for that year. Additionally, 12 of the country's 19 water catchments recorded water deficits, which have only been offset by an intricate system of engineered inter-basin water transfer schemes. These worrisome statistics are supported by the water Resource Accounts for south Africa: 1995 produced by Statistics South Africa (SSA, 2006) . In theory, as the remaining annual supply of a vital natural resource approaches zero -crossing clearly identifiable thresholds of scarcity -the marginal value of the resource approaches infinity (Farley and Gaddis, 2007) . This implies that the economic value of the last 1.4% of unutilised water resource becomes very high, far exceeding that of the prevailing bulk water tariff, which is a cost-recovery-based tariff.
Moreover, the meagre water reserve mentioned above actually includes the water imported from neighbouring Lesotho through large-scale engineering projects involving large dams and tunnels. Unutilised domestic sources of water of significant size are extremely limited and largely confined to 2 river catchments in the ecologically sensitive and relatively undeveloped Eastern Cape Province. Water supply constraints are therefore an issue with unparalleled economic development implications. Other supply options are limited and expensive and include desalination, the use of underground aquifers, wastewater reuse, the additional import of water from Lesotho, and lastly the import of water from the Congo River. These options would be costly and, for the most part, highly capital intensive. Their implementation will have a significant effect on water tariffs with the result of making drinking water less accessible to those who are most in need. 
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Surface water use
Irrigated agriculture -consuming 62% -is by far the largest single surface water user, with agriculture and forestry combined consuming 65% of the total available water resource (see Fig. 1 ) (SSA, 2006) . Commercial farmers use 95% of agriculture's share, predominantly for irrigation (Schreiner and Van Koppen, 2002 . While it is to be expected that water consumption has to increase as population and the economy grows, the rate at which water use increases, however, far exceeds that.
Groundwater use
In addition to the increased use of surface water, the use of groundwater is also increasing rapidly (Vegter, 2001; Botha, 2005 /a during a drought. Groundwater usage is therefore estimated to be between 6% of the resource (using DWAF's usage figures and its higher resource figure), and 51% (using Vegter's usage figure in conjunction with DWAF's conservative estimate of the size of the resource).
One way to reduce the rate of increase of water use is by increasing the user charges for water. The reduction of the rate of increase will 'release' more water for future consumption and delay the need for water rationing.
Water: The limiting factor
Clearly, the growth in demand for water compared to the supply constraints is leading to an untenable situation and implies not only that water conservation would have to be applied, but also that profound efforts at redistribution of water would have to take place. This is a fact recognised by DWAF (2004) who stated that, given the demographic trends, South Africa as a whole is likely to have a water deficit of approximately 1.7% by 2025. The amount of surplus water available for utilisation of any kind is therefore declining fast, implying that water is becoming a very scarce resource -even the limiting factor to development -as eloquently articulated by Scholes (2001:51) Water use cannot continue to grow at current rates indefinitely given the supply constraints, the likely decline in the water availability due to changes in climatic conditions, the socioeconomic and demographic pressure to increase the use of potable water for domestic use, and to allocate water to higher value-added industries ). For the time being, the effect on agriculture of the changes in climatic conditions over the past 4 decades -notably the 6% decline in mean annual rainfall ) -has been mitigated by the increase in water use from both surface and groundwater resources as indicated above. Future water use patterns will, however, have to adapt to changing climatic conditions and the demand for water by other sectors. This will have obvious implications for food security, future irrigation methods, the type and structure of agriculture production, the way in which land reform is being conducted, and the rural economy in general (Blignaut, 2009 ). These are all complex interrelated issues that cannot be adequately addressed within the scope of this paper. In the next section we focus our analysis on the implications of the effects that AsgiSA could have on water demand.
AsgiSA
AsgiSA is an initiative led by the Deputy-Presidency's Office that commenced in 2004. The stated objective of AsgiSA is to accelerate economic growth and seek to distribute the benefits thereof so that all people might share in the growing prosperity of the country (The Presidency, 2009). The AsgiSA task force While one cannot criticise AsgiSA's objective and ideals stated, it is disconcerting that the first 6 projects listed above are all water-intensive. It seems as though these projects were identified in complete isolation from or oblivious to the fact that South Africa is a water-scarce and arid country, considering the profile of water availability provided earlier.
The following section will consider the impact that these projects could have on the availability of water.
Materials and methods
Model
The model used in the analysis is called UPGEM (University of Pretoria's Gempack Model), which is a macro-economic Computable General Equilibrium (CGE) Model of South Africa (Van Heerden et al., 2006a , 2006b and Letsoalo et al., 2007 . This model is similar to the ORANI-G model of the Australian economy, which is fully presented and explained by Horridge (2002) . It also has a theoretical structure that is typical of most static CGE models and consists of the following blocks of equations:
• Producers' demands for produced inputs and primary factors • Producers' supplies of commodities Van Heerden et al., 2008) .
Conventional, neoclassical assumptions drive all private agents' behaviour in the model. Producers minimise cost while consumers maximise utility, resulting in the corresponding demand and supply equations of the model. The agents are assumed to be price takers, with producers operating in competitive markets, which prevent the earning of pure profits. In general, the static model with its overall Leontief production structure allows for limited substitution on the production side, and more substitution possibilities in consumption. The implications of using a static model are that solutions are not generated for various time periods, and forecasting is not done by industry. The model is shocked once and allowed to search for a new equilibrium, and those answers are reported. However, this does not mean that long run results could not be found. To clarify further, in this model, nothing could be substituted for water and hence the reference to 'limited substitution'. The model does, however, allow for better technology when water becomes more expensive. The long run could still be simulated and the effects of policies determined using a static model. It has constant elasticity of substitution (CES) sub-structures for the:
• Choice of labour, capital and land • Choice of the different labour types in the model • Choice of imported and domestic inputs into the production process.
Household demand is modelled as a linear expenditure system that differentiates between necessities and luxury goods, while households' choices between imported and domestic goods are modelled using the CES structure.
Data
The CGE model is based on the 1998 Social Accounting Matrix of South Africa. It shows the flows of funds between all players in the economy, such as industries, households, the government and the foreign sector. To model the effects of policy scenarios on water demand, some additional data were required (see Table 1 ). In principle, for each industry we added the following:
• The quantity of 'taxable water' used. Taxable water is defined as being applicable to metered water use where it is physically possible to ask a price for its consumption. This roughly corresponds to raw water abstracted from riverswhile it excludes rain falling on a household's lawn, it does include rain falling on exotic tree plantations (forestry). Letsoalo et al. (2007) . We estimated semi-elasticities (Column 5) that should be interpreted as the percentage change in water use per unit change in the marginal cost of water, adapted to allow for sector-specific variations.
The scenarios
The modelling task at hand was to determine the economy-wide impacts on GDP, employment, and water consumption for each of the following three scenarios: 1 In Scenario 1, we inject R1 bn. into each of 9 sectors linked to the 12 AsgiSA projects listed above. These sectors are: DBsA, 2000; Renzetti, 1992; Veck and Bill, 2000; Le Maitre et al., 2000; and Letsoalo et al., 2007 . 2 In Scenario 2, we increased all water tariffs by 1 c/m 3 , including water that has not been taxed or priced before. This would include all registered water used from rivers or from boreholes. We expect that such an increase in tariffs would result in a decrease in water demand, to show one possible way of saving water. It should be noted that the purpose of this paper is not to find the best way to save water, but rather to illustrate that any government initiative to stimulate growth needs to consider the effects on available water. 3 In Scenario 3, we recycle the tax revenue collected from the increased or new water tariffs (Scenario 2) back to the 'AsgiSA' sectors, and report the net effects on GDP, unskilled employment, and water demand. Recycling this revenue (which is about R175 m. and hence much smaller than R1 bn.) would stimulate the various industries and have positive effects on GDP and unskilled employment.
Results
The results of modelling the scenarios as described above are depicted in Table 2 . Should government invest R1 bn. in each of the 9 sectors (Scenario 1), the total increase in GDP would be 0.53 %, i.e. the policy shock to the model constitutes an 0.53 % increase on the value of GDP, with the largest contribution coming from the livestock and timber plantation sectors. Employment of unskilled labour would increase by 1.3%, mainly from the aforementioned 2 sectors as well, but water demand would increase by 2.2%, mainly from the irrigation, timber and water provisioning sectors. The increase in demand for water would therefore outstrip its contribution to GDP by several orders of magnitude (given that no efficiency gains can be derived) and, what is more, this increase is 50% more than the current available surplus supply of water of 1.4%. This does not imply that these projects could not be implemented; it only states that once they are implemented there would be less water for other projects. Another pertinent point is that the water intensity of the 9 sectors is far from the same. Approximately 91% of the total 2.2% increase in water demand originates from 3 sectors only, namely, irrigation agriculture (0.78%), timber (0.627%) and the water sector (0.584%). While their combined impact on water consumption is 2%, their contribution to GDP is only 0.22% and to employment of unskilled labour only 0.6%. The impact on water consumption is therefore disproportionately more than their impact on the general economy -i.e. the AsgiSA objectives. This illustrates the fact that when considering projects, the sectors selected matter. If we increase water tariffs uniformly by 1 c/m 3 without recycling the revenue (Scenario 2), the result is a decline in GDP of 0.011%, while the decrease in water demand is 2.51%. The proportional decline in GDP is much less than the reduction in water consumption, so that we would be able to see a net saving in water demand with such a policy measure.
The 3 rd column of Table 2 (Scenario 3) shows that almost all the water saved in Scenario 2 remains saved even if the water tax revenue is recycled. Four industries show 'GDP dividends', which means that the net effect of the combined water tax and revenue recycling scheme is positive on GDP. These industries are livestock, timber, water and communication. Four industries show 'Unskilled labour dividends' in that the combined policies would have net employment effects for the economy as a whole, namely irrigation horticulture, livestock, timber and water. The latter 3 industries therefore show 'triple dividends' since they show GDP dividends, employment dividends and water saving dividends. Remember that the net effect on the government budget is neutral, since all the revenue that is collected through the water tax is recycled back into the economy.
Conclusion
AsgiSA implies targeting some economic industries or sectors to stimulate growth. In this paper we used a macro-economic model and argue that the stimulation of any industry would increase the demand for water as input into the production process. To illustrate this we have shown that a hypothetical injection into the economy of R1 bn. stimulation to each of 9 targeted industries, would lead to a deficit in the available amount of water. It would therefore be physically impossible to stimulate the 9 industries as planned, unless the necessary water supplies were re-allocated from other sectors. The water tax would decrease the total water demand sufficiently enough to provide for the AsgiSA initiatives, and have some savings left over. Moreover, if we recycle the water tax revenues towards the 9 AsgiSA industries, the negative impact of the water tax is diminished in terms of GDP and employment effects, while a large net saving of water remains.
This analysis shows that macro-economic planning and the design of economic development strategies cannot be done in isolation from considering natural resource constraints. Natural capital is increasingly the limiting factor to development and any investment in economic development should take serious cognisance of these limitations. Here we have not even considered the impacts of climate change ) and the prevalence and spread of invasive alien plants (Blignaut et (Cullis et al., 2007) . This does not imply that AsgiSA should not continue seeking sectors and projects to invest in, but that it should consider resource constraints in an integrative manner. Opportunities should be explored that, through investing in natural capital, would stimulate economic development, create jobs and augment the dwindling supply of natural resources. So, is water rationing next? The answer would be positive if macro-economic decision-making is not conducted in such a way as to acknowledge and plan with implicit resource constraints and bio-physical and hydrological patterns and features.
